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Abstract 
In accordance with the system approach to rotary cutting we have solved the control task, i.e. determination of the shape and 
sizes of the obtained chip depending on design and geometrical parameters of the cutting tool, its installation in relation to the 
work and elements of the cutting mode. We have made mathematical simulation and experimental study of the process. The 
obtained results confirm adequacy of the created model. 
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1. Introduction 
In powder metallurgy powders of different shapes, sizes and properties are used for creation of materials with 
special properties. For this purpose new technologies for production of powders are developed and existing 
technologies are advanced, which allows to obtain powders at one or several stages [1]. A special sphere of powder 
production is experimental works on creation of new materials, which do not require a large amount of powder, 
providing for swift changes of sizes and shapes. A certain difficulty is connected with production of powders from 
hard-to-cut (heavy-duty steels and titanium-based alloys) inflammable materials (magnesium) and ensuring of 
chemical purity of the obtained powders.   
For these conditions efficient methods can include cutting processes (for direct use or use as a semi-finished 
product), in particular, rotary cutting [2]. A distinguishing feature of rotary cutting as compared to the traditional one 
is application of a special tool, which cutting element rotates on its axis in the course of processing. To obtain 
powders, i.e. discontinuous chip, it is expedient to use the kinematically discontinued method – rotary cutting. At 
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research rotary cutting process are investigate chip forming, tool temperature by machining (including high-speed 
machining) with strait cutting tool [3-5]. 
2. Chip shape and sizes modelling 
Study of the mechanism of discontinuous chip forming at rotary cutting provides for a system approach. The 
work [6] justifies this approach and outlines the arising tasks, as well as control and set parameters leading to 
multiple tasks. Solution of the control task [6], i.e. determination of the shape and sizes of the obtained chip 
depending on design and geometrical parameters of the cutting tool, its installation in relation to the work and 
elements of the cutting mode, is of practical interest.  
Theoretically, the task on obtaining of the required shape and sizes of discontinuous chip of different 
constructional materials is solved on the basis of mathematical simulation of the forming process. Simulation is 
widely used in engineering and, in particular, at cutting works [7]. The works [8–10] contain discrete simulation of 
trajectories of points of the tool nose for rotary sharpening and cutting, as a result, they justify the mechanism of 
formation of the chip element and identify mathematical dependencies to determine its sizes.     
There are different approaches to evaluation of chip sizes. Thus, in accordance with [11], there are: section of the 
cut layer (figure formed at dissection of the material layer separated by the cutting edge over one cycle of the 
primary cutting motion by the base), thickness of the cut layer (length of the normal to the cut surface drawn through 
the considered point of the cutting edge limited by the section of the cut layer) and width of the cut layer (length of 
the side of the section of the cut layer formed by the cut surface). However, these parameters do not fully consider 
the nature of chip forming at rotary cutting and complexity of the shape of the chip. Thus, the theoretical shape of 
the obtained chip is shown in fig. 1 (a). We can identify fix sizes determining the shape of the chip: e, f, g, h, k, l. 
A size g determined by dimension of depth cutting. A size l without chip shrinkage and degree of influence of the 
main cutting edge Ȝ is near to the size of serve on a tooth.  
Other sizes are determined in the following way: the points of tool cutting edge enter in to the work consistently. 
It is contacted the first from a blank point, located on the outward diameter of cutting element. From non-rigid 
kinematics connection degrees of rotation of milling cutter and cutting element every point of cutting edge forms 
some section of chip element (stage I). 
 
Fig. 1. (a) model of chip element; (b) experimentally obtained element. 
After the turn of cutting element (stage II) is finally set on a ditch and make hard kinematics intercommunication 
of degrees of rotation of milling cutter and cutting element. Forming of border of chip element proceeds lateral tooth 
side, trajectory of that are equidistant. 
To the moment of exit of points of cutting edge on surface of blank (stage III) cutting element again begin to run 
around slower. At the modelling of chip element this phenomenon was taken into account by the task of different 
value of coefficient of stabilizing of rotation of cutting element on each of the stages. 
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3. Experimental work 
In order to confirm adequacy of the obtained dependencies [12] experimental researches have covered the 
process of chip formation on the isotactic polypropylene work with a good machinability and a low deformation of 
the cut layer. The cutting process was instantaneously stopped and the obtained chip element was compared to its 
MathCAD software-based computer imitation (fig. 1). The results demonstrate a high quantitative and qualitative 
coincidence, therefore, the obtained model allows to forecast and manage sizes and the shape of discontinuous chip 
particles.     
The conducted researches have shown that the following factors considerably influence the sizes of the obtained 
chip: slope angle of the main cutting edge Ȝ, cutting depth t and location of the work in relation to the cutter’s 
rotation axis characterized by lateral movement of the end-face of the work in relation to the cutter’s rotation axis. 
Fig. 2 shows the influence of these parameters in the following turndown: angle Ȝ from 20 to 70°, depth t from 0,5 
to 5 mm, lateral movement from 25 to 125 mm. 
 
Fig. 2. Diagrams of changes of chip sizes at changes of: (a) angle Ȝ; (b) depth t; (c) lateral movement. 
The influence of the changing parameters on the sizes of the chip element considerably vary. As it is clear from 
the diagrams, the nature of influence of Ȝ and t on changes of sizes is identical: e, g, h, k increase almost linearly, 
while f and l remain practically unchanged. Sizes e and k change intensively, wherein changes of the cutting depth 
have a more significant influence. The influence of the lateral movement on sizes e and k is not registered, and 
changes of sizes g and h is extreme.     
For practical implementation of the process there is a tool based on cutting blocks (fig. 3) installed on the body. In 
the process, apart from rotation of the body jointly with the work spindle, the cutting elements rotate about the axis 
of the cutting block and ensure the group cutting scheme providing for efficient obtaining of discontinuous chip. 
881 V.G. Shalamov et al. /  Procedia Engineering  150 ( 2016 )  878 – 881 
 
Fig. 3. (a) 3D model of the cutting block; (b) experimental configuration of the cutting block. 
4. Conclusions 
In this work, based on the system approach to rotary cutting we have solved the control task, i.e. determination of 
the shape and sizes of the obtained chip depending on design and geometrical parameters of the cutting tool, its 
installation in relation to the work and elements of the cutting mode. We have made mathematical simulation and 
experimental study of the process. The obtained results confirm adequacy of the created model. 
Thus, the developed mathematical model of the chip element formation enables to forecast and manage sizes and 
the shape of the obtained particles. The developed design of the tool has proved its operability. 
References 
[1] Yu.V. Levinskiy, Metal Powders and Powder Materials, Ekomet, Moscow, 2005. (in Russ.). 
[2] E.G. Konovalov, V.A. Sidorenko, A.V. Sous’, Progressive Scheme of Rotary Cutting of Metals, Science and technique, Minsk, 1972. (in 
Russ.). 
[3] M.A. Davies, Y. Chou, On chip morphology, tool wear and cutting mechanics in finish hard turning, Ann. CIRP. 45 (1996) 77–82. 
[4] H.A. Kishawy, A.G. Gerber, A model for the tool temperature during machining with a rotary tool, ASME, in: Proceeding of International 
Mechanical Engineers Congress and Exposition, New York. (2001) 1–8. 
[5] S. Lei, W. Liu, High-speed machining of titanium alloys using the driven rotary tools, International Journal of Machine Tools and 
Manufacture. 42 (2002) 653–661. 
[6] V.G. Shalamov, S.D. Smetanin, A Systematic Approach to the Preparation of Rotary Cutting Powder Materials, Metalworking. 2 (2013) 23–
26. (in Russ.). 
[7] A.A. Silich, The Geometrical Parameters of the Model and the Destruction of the Cutting Blade Tool, Proceedings of the universities, Oil and 
gas. 2 (2012) 108–113. (in Russ.). 
[8] V.G. Shalamov, D.A. Savel’ev, S.D. Smetanin, Preparation of Powder Materials by Rotary Cutting, Bulletin of Mechanical Engineering. 11 
(2012) 56–58. (in Russ.). 
[9] V.G. Shalamov, S.D. Smetanin, Producing powder by rotary grinding, Russian Engineering Research. 3 (2013) 133–135. 
[10] S.D. Smetanin, V.G. Shalamov, Optimization of Process of Receiving Powder Materials by Rotational Milling, High Technologies in 
Mechanical Engineering. 12 (2013) 4–11. (in Russ.). 
[11] GOST 25762-83, Machining: Terms, definitions, 1983. (in Russ.). 
[12] V.G. Shalamov, S.D. Smetanin, Implementing a Systematic Approach by Rotational Milling Process, YuURGU, Chelyabinsk, 2014. (in 
Russ.). 
